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(54) Ink Jet recording head and Ink Jet recording apparatus having such head 



(57) The present invention provides an ink jet 
recording head comprising a top plate in which two 
groups of ink passage grooves for forming ink pas- 
sages, two ink chamber frames, ink introduction pas- 
sages, two rows of ink discharge ports are formed, two 
substrates on which a plurality of resistive heat generat- 
ing elements for discharging ink are formed in corre- 
spondence to the two rows of ink discharge ports, and 
two elastic members for contacting under pressure and 
securing the substrates arxj the top plate for each said 
substrate, and wherein the junction between the sub- 
strates and the top plate forms the ink passages and the 
ink chambers therebetween, and further wherein a 
groove for isolating the ink discharge port rows from 
each other is formed between the ink discharge port 
rows and a depth of the groove is greater than depths of 
the ink discharge ports and the ink passages. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention s 

The present invention relates to an ink jet recording 
head and a recording apparatus having such an ink jet 
recording head. 

10 

Related Background Art 

(1) Almost all of ink jet recording apparatuses of this 
kind are generally connected to a word processor 
or a personal computer and are used as a color 75 
printer, a facsimile, a copying machine or the like. 

Conventional ink jet recording heads used in 
color printers are generally grouped into three 
types, i.e., a one-head type in which an ink dis- 
charge portion of a single recording head is divided 20 
into colors (black, yellow, magenta and cyan). This 
type having an advantage that the head becomes 
cheaper although the number of nozzles per color 
is reduced, a multi-head type in which independent 
recording heads for respective colors are disposed 25 
side by side when printing is performed, this type 
having an advantage that the number of nozzles 
per color is increased, although the cost becomes 
higher, and a head unit type in which independent 
ink discharge portions for respective colors are 30 
incorporated into a single base. 

In the one-head type, since the discharge ports 
for four colors can be formed in a single orifice 
plate, so long as manufacturing accuracy is 
ensured, assembling accuracy is not critical. Thus, 35 
positional accuracy of discharge ports for each 
color is improved to minimize print deviation, and 
the number of parts can be reduced to make the 
entire head more compact. 

In the multi-head type, common parts can be 40 
used for respective heads, and the entire recording 
head can be easily manufactured because of sim- 
plicity of each head. However, since the plurality 
heads are arranged side by side, the entire record- 
ing head is made bulky and heavier. 45 

In the head unit type, after positional deviation 
of ink droplets discharged from discharge ports of 
the orifice plates for respective color was measured 
and then such deviation was corrected, such orifice 
plate are incorporated into the base with high accu- so 
racy on the basis of the correction. Thus, the color 
deviation can be minimized. Further, replacement 
of heads can be easily performed because the 
heads are integrated as the unit. In addition, since 
a large number of discharge ports are associated ss 
with each color, high speed recording can be 
achieved. 

In the conventional techniques, a wiring sub- 



strate including connection pads to be connected to 
the head(s) is secured to an ink container or a top 
plate. The top plate is secured to a substrate on 
which resistive heating elements are formed by 
adhesive or springs. When the springs are used, 
the top plate is rested on the substrate on which the 
resistive heating elements are formed and is 
secured to a base plate and the spring is mounted 
on the top plate. 

In view of compactness and high speed record- 
ing which are required for an ink jet recording head 
of a color printer, the one-head type and the head 
unit type will be expected more and more from now. 
(2) On the other hand, since the ink jet recording 
method can provide a compact, light-weighted and 
cheap recording apparatus in which recording 
noise can be minimized and plain paper sheets can 
be used more easily than the other recording meth- 
ods, many low cost printers utilize such ink jet 
recording method. Among the ink jet recording 
methods, a bubble jet recording method has 
recently been used since a large number of ink jet 
discharge ports can be arranged in an ink jet 
recording head with high density. 

In already known ink jet printers, ink supply is 
effected in the following two manners. In the first man- 
ner, the ink jet recording head is mounted on a carnage 
and an ink tank having large capacity (volume) is dis- 
posed at a predetermined position on a recording appa- 
ratus, and ink is supplied from the ink tank to the ink jet 
recording head through an ink tube. 

In this arrangement, the running cost is very cheap. 
However, since it is required that a service life of the ink 
jet recording head itself is equal to or longer than a serv- 
ice life of the printer, the structure and material of the ink 
jet recording head must be devised, and, thus, the ink 
jet recording head itself tends to be expensive. 

In the second manner, an ink tank and an ink jet 
recording head are integrated as an ink jet unit which is 
in turn detachably mounted on a carriage. In this 
arrangement, a long ink tube is not required, replace- 
ment of ink can easily be performed, and the entire 
apparatus can be made compact However, at a time 
when the ink in the ink tank is used up, since both the 
ink tank and ink jet recording head must be replaced or 
exchanged, the running cost becomes expensive. Par- 
ticularly, in such a case, since the ink jet recording head 
a service life of which has not yet been expired is also 
discarded, this is not preferred in view of ecology. 

In order to eliminate the drawbacks associated with 
the above-mentioned two manners, there has been pro- 
posed an arrangement in which an ink jet recording 
head and an ink tank are detachably mounted on a car- 
riage independently, as disclosed in Japanese Patent 
Laid-open No. 63-004953 (1988), for example. With this 
arrangement, since the ink jet recording head and the 
ink tank can be replaced independently, it is effective to 



2 



3 



EP0 829 359 A2 



4 



reduc the running cost. 

(a) However, in the above-mentioned one-head 
type described in the abov item (1), there arises 
the following problem. That is to say, since the s 
resistive heat generating elements provided on the 
substrate are allotted to respective colors, the 
number of resistive heat generating elements asso- 
ciated with each color is reduced, thereby making 
high speed recording impossible. 10 

In the above-mentioned head unit type 
described in the above item (1), there arises the fol- 
lowing problem. That is to say, when finer color 
image output is desired, since positional deviation 
between adhesion points (on a recording medium) 75 
of color ink droplets must be minimized, the orifice 
plates for respective colors must be assembled with 
high accuracy and the orifice plates must be 
secured to the base with high accuracy. Thus, the 
assembling time is increased and an expensive 20 
assembling machine must be used. Further, funda- 
mentally, since several recording heads are arrange 
side by side, the size of the head unit is increased 
and the number of parts is also increased. 

Further, since the wiring substrate including the 25 
connection pads is secured to an attachment mem- 
ber other than the ink tank or the top plate, the 
heads cannot be detached from the ink tank and 
thus the heads is obliged to be discarded together 
with the ink tank, and the number of parts is 30 
increased due to the presence of the attachment 
member. When the top plate is secured to the sub- 
strate having the resistive heat generating elements 
by using the springs, although the assembling oper- 
ation can be facilitated, since the assembling is 35 
effected on the base plate, the number of parts is 
increased and the assembling time is also 
increased. Further, in order to assemble the sub- 
strate on which the plurality of resistive heat gener- 
ating elements are formed on the base plate, the 40 
entire size is increased and the assembling time is 
also increased. 

(b) In the arrangement in which the ink jet recording 
head is detachably mounted on the carriage and 
the ink tank is detachably connected to the ink jet 45 
recording head as described in the above item (2), 

it is necessary to design the ink jet recording head 
and the ink jet unit in consideration of the following 
precautions. That is to say, 

so 

- preventing reduction of electrical reliability due 
to adhesion of ink and/or paper powder; 

- improving accuracy of attachment of the ink jet 
recording head to the carriage and facilitating 
replacement of the ink tank; ss 
improving positioning accuracy between the 

ink jet recording heads for effecting color 
recording; and 



- facilitating the manufacture of the ink jet record- 
ing head. 

SUMMARY OF THE INVENTION 

The present invention aims to eliminated the con- 
ventional drawbacks pointed out in the above items (a) 
and (b). To eliminate the conventional drawbacks 
pointed out in the above item (a), an object of the 
present invention is to provide an ink jet recording head 
in which color deviation caused by dispersion in accu- 
racy of adhering points of ink droplets can be prevented 
to improve image quality of a fine color image, high 
speed recording can be performed and the number of 
parts is reduced and which is compact and reliable. 

To eliminate the conventional drawbacks pointed 
out in the above item (b), another object of the present 
invention is to provide an ink jet recording head, an ink 
jet unit and an ink jet recording apparatus, which is com- 
pact and cheap and in which operabilrty and reliability 
can be improved. 

A further object of the present invention is to pro- 
vide in an ink jet recording head, an ink jet unit and an 
ink jet recording apparatus, in which, even when an ink 
tank is mounted on and dismounted from the ink jet 
recording head in a condition that the ink jet recording 
head is mounted on the ink jet recording apparatus, 
positional deviation between the heads which would 
affect a bad influence upon color recording can be pre- 
vented to record a high quality image. 

To achieve the above objects, according to the 
present invention, there is provided an ink jet recording 
head comprising a top plate in which two groups of ink 
passage grooves for forming ink passages, two ink 
chamber frames, ink introduction passages, two rows of 
ink discharge ports are formed, two substrates on which 
a plurality of resistive heat generating elements for dis- 
charging ink are formed in correspondence to the two 
rows of ink discharge ports, and two elastic members 
for contacting under pressure and securing the sub- 
strates and the top plate for each said substrate, and 
wherein the junction between the substrate and the top 
plate forms the ink passages and the ink chambers ther- 
ebetween, and further wherein a groove for isolating the 
ink discharge port rows from each other is formed 
between the ink discharge port rows and a depth of the 
groove is greater than depths of the ink discharge ports 
and the ink passages. 

In the ink jet recording head, an electrical connec- 
tion surface may be provided in a plane perpendicular to 
an ink discharging direction of the head or inclined with 
respect to the ink discharging direction by ± 5 degrees 
or less, and an ink discharge surface may be protruded 
toward a recording material with respect to the electrical 
connection surface by 5 mm or more. 

With the arrangement as mentioned above, the fol- 
lowing advantages can be obtained. 
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(A) In the Inkjet recording head, the plurality of sub- 
strates having the resistive heat generating ele- 
ments are urged against the top plate having the ink 
passages and the ink chambers by means of the 
elastic members. By manufacturing the top plate 5 
accurately and by forming the ink discharge ports 
with high accuracy by a laser beam by utilizing a 
reference surface formed on the top plate as a ref- 
erence, color deviation can be prevented to improve 
recording quality and image quality, the number of w 
parts can be reduced, an assembling time can be 
shortened, reliability and yield can be improved, 
and size can be reduced to provide a compact 
printer. Further, since the plurality of substrates 
having resistive heat generating elements are used, 75 
high speed recording can be achieved. In addition, 
since the groove (recess) having the depth greater 
than those of the ink passages is formed between 
the ink discharge port rows, the substrates can be 
closely contacted with the top plate effectively. 20 

(B) Since the ink discharge surface is not flush with 
the electrical connection surface and an ink supply 
surface, reliability can be improved, and, by arrang- 
ing two ink discharge port rows at positions diamet- 
rically opposed to each other around a center 25 
between two ink discharge port rows, "cost-down" 
can be achieved because common parts can be 
used. Further, by connecting the ink supply por- 
tions to the head along the ink discharge direction, 
when the ink tank is mounted on and dismounted 30 
from the head, load acting on the head is distributed 
along the rows of the ink discharge ports uniformly, 
thereby preventing positional deviation of the head 
which would affect a bad influence upon the color 
recording. 35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic perspective view of an ink jet 
head according to a first embodiment of the present 40 
invention; 

Fig. 2 is an exploded perspective view of the ink jet 
head of Fig. 1; 

Fig. 3 is a sectional view showing an internal struc- 
ture of the ink jet head of Fig. 1 ; 45 
Fig. 4 is a schematic perspective view of a head 
unit having the ink jet head of Fig. 1 ; 
Figs. 5, 6 and 7 are explanatory views showing a 
wiping operation according to the first embodiment; 
Fig. 8 is a schematic perspective view of an ink jet so 
recording head according to a second embodiment 
of the present invention; 

Fig. 9 is an exploded perspective view of the ink jet 
recording head of Fig. 2; 

Fig. 10 is a sectional view showing an inner struc- ss 
ture and ink passages of the ink jet recording head 
according to the second embodiment; 
Fig. 1 1 is a perspective view of an ink jet recording 



head according to a third embodiment of the 
present invention; 

Fig. 12 is a view looked at from an ink discharging 
direction in Fig. 1 1 ; and 

Fig. 13 is a perspective view of an ink jet recording 
apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be explained in con- 
nection with embodiments thereof with reference to the 
accompanying drawings. 

[First Embodiment] 

Fig. 1 is a schematic perspective view of an ink jet 
head 10 according to a first embodiment of the present 
invention (in this embodiment, two rows of ink discharge 
ports are provided). In Fig. 1, ink passage grooves 
(defining ink passages), ink chambers and ink dis- 
charge ports are previously formed in a top plate 1 . Sub- 
strates on which resistive heat generating elements are 
mounted are electrically connected to a carriage by wir- 
ing substrates 2. The substrates having the heat gener- 
ating elements are urged against and secured to the top 
plate 1 by elastic members 3. Ink discharge ports 5 are 
formed in the top plate 1 , and a recess 6 having ribs 9 is 
formed in the top plate 1 at a central portion thereof. 

In this embodiment, since two rows of ink discharge 
ports 5 can be formed symmetrically with each other 
and ink introduction passages are collectively formed at 
a certain position, the top plate can be manufactured 
and assembled more easily than a top plate having 
three or more rows of ink discharge ports. 

Fig. 2 is an exploded perspective view showing a 
detailed structure of the Inkjet head 10 of Fig. 1 to facil- 
itate the understanding of parts and an assembling 
method therefor. In Fig. 2, the substrates 4 having the 
resistive heat generating elements are electrically con- 
nected to the respective wiring substrates 2. 

Fig. 3 is a sectional view of the ink jet head 10 of 
Fig. 1, showing an internal structure thereof and ink 
passages. In Fig. 3, an ink introduction passage 7 
serves to ink from an ink container 1 1 to an ink chamber 
8. Trie ink from the ink container 1 1 passes through the 
ink introduction passage 7 and enters into the ink cham- 
ber 8 defined by the top plate 1 and the substrates 4 
having the resistive heat generating elements, and 
flows (from the ink chamber 8) into ink passages within 
which the respective resistive heat generating elements 
are disposed. Film-boiling is caused in the ink in the ink 
passage by thermal energy from the resistive heat gen- 
erating element, thereby discharging the ink from the 
discharge port 5. 

In order to prevent the ink from leaking from the ink 
chamber 8 defined by the top plate 1 and the substrates 
4 having the resistive heat generating elements, inter- 



4 



7 



EP0 829 359 A2 



8 



faces between the top plate and the substrates ar 
sealed by seating agent. Further, sealing agent is 
applied to connection portions between the substrates 4 
having the resistive heat generating elements and the 
wiring substrates 2, thereby preventing the ink from 5 
adhering to the connection portions. 

The top plate 1 is molded from resin, and the ink 
discharge ports 5, ink passages, ink chambers and ink 
introduction passages 7 are formed by molding or laser- 
working. Since the ink discharge ports 5 and the ink 10 
passages must be formed with high accuracy, they are 
preferably formed by the laser-working. 

When angular deviation of the ink discharge ports 5 
in each row with respect to the ink discharging direction 
is minimized, if distances between the ink discharge 15 
ports 5 and the recording material are changed, since 
the relative adhesion points of the ink droplets (onto the 
recording material) from each row are unchanged, elec- 
trical correction can be omitted, and, thus, electrical 
simplicity can be achieved. To this end, surface-finish 20 
around the ink discharge ports 5 is effected uniformly by 
enhancing the manufacturing accuracy. The molded 
parts are formed from material having good molding 
ability and good resistance to ink. In this respect, 
polysulfon is desirable, but other molding materials may 2s 
be used. 

The substrates 4 having the resistive heat generat- 
ing elements serves to cause the film-boiling in the ink 
by utilizing thermal energy to effect the recording. The 
plurality of resistive heat generating elements arranged 30 
in a line and aluminium wirings for supplying electric 
power to the respective resistive heat generating ele- 
ments are formed on the respective substrate made of 
silicon by a film-forming technique. Each substrate 
includes shift registers and driving transistors to reduce 35 
the number of TAB connecting pads. It is necessary that 
the substrates 4 and the top plate 1 are assembled with 
each other with high accuracy. 

Each wiring substrate 2 serves to electrically con- 
nect the corresponding substrate 4 to the printer (ink jet 40 
recording apparatus). One end of the wiring substrate 2 
is connected to the corresponding substrate 4 via a TAB 
and the other end is provided with a connection pad por- 
tion for receiving an electrical signal from the printer. 
The connection pad portion is secured to the top plate 1 45 
with high accuracy by adhesive. Hence, since the head 
can be handled as a single unit, the assembling can be 
facilitated, and the "recycle" is permitted. The sub- 
strates 4 having the resistive heat generating elements 
are secured to the top plate 1 by mechanical biasing so 
forces of the elastic members 3. - 

With the arrangement as mentioned above, the 
substrates 4 are closely contacted with the top plate 1 
by means of the elastic members 3. To achieve the com- 
plete close contact between the substrates 4 and the ss 
top plate 1, the top plate 1 must be deformed finely, 
because, it is impossible that interfaces between the 
substrates 4 and the top plate 1 are made flat com- 



pletely and thus any gaps (in the order of several urn) 
are created between the substrates and the top plate. 

In the illustrated embodiment, by providing a groove 
(recess) 6 having a depth greater than those of the ink 
discharge portions (Ke., depths of the ink discharge 
ports and depths of the ink passages) between two ink 
discharge port rows, the ink discharge portions of the 
top plate corresponding to the substrates 4 can easily 
be deformed to achieve the complete contact between 
the substrates and the top plate. 

Further, in the illustrated embodiment, ribs 9 are 
formed at both longitudinal ends of the recess 6 to facil- 
itates the deformation of portions of the top plate on 
which the ribs are not formed, thereby ensuring the 
close contact between the substrates and the top plate. 

That is to say, the illustrated embodiment can be 
suitably applied to a case where, when the top plate 1 is 
connected to the substrates 4 without any external 
force, gaps are created between the top plate and the 
substrates. 

When the ribs are formed at both longitudinal ends 
of the recess, gaps are often created at central portions 
of the substrates. To avoid this, after the substrates are 
urged against the top plate by the elastic members, a 
wedge member is wedged into the recess at a position 
corresponding to the central portions of the substrate so 
that the central portions of the substrates are urged 
toward the top plate by the wedge member, thereby 
enhancing the close contacting ability between the sub- 
strates and the top plate. The wedge member may be 
formed from any material haying hardness equal to or 
greater than hardness of the top plate; when the wedge 
member is formed from material same as that of the top 
plate, since there is no difference in thermal expansion, 
the uniform close contact can be achieved. 

In the illustrated embodiment when two rows of ink 
discharge ports are used for discharging different color 
inks, the recess (groove) formed between the ink dis- 
charge port rows helps to prevent mixing of colors dur- 
ing the cleaning of the ink discharge surfaces. This will 
be explained hereinbelow. 

First of all, an ink jet recording apparatus on which 
the aforementioned ink jet head is mounted will be 
described with reference to Fig. 13. 

In an arrangement shown in Fig. 13, a carriage 200 
is reciprocally shifted on a guide shaft 205 by means of 
a lead screw 204 driven by a carriage motor 203. 

A recording head 202 including a head and an ink 
tank is secured to the carriage 200, and ink discharged 
from the recording head is adhered onto an opposed 
recording medium or recording sheet 206, thereby form- 
ing an image on the recording sheet In synchronous 
with the recording operation, the recording sheet 206 is 
supplied by a sheet supply motor (not shown), a sheet 
supply roller (not shown) and a sheet hold-down plate 
209. In an inoperative condition or when a recovery 
operation is performed, the recording apparatus is 
capped by a cap (not shown). 



5 



9 



EP0 829 359 A2 



10 



A wiper 110 serves to clean a face surface (ink dis- 
charge surface) of the recording head 202 thereby to 
remove the ink and foreign matters adhered to the face 
surface after the recovery operation or during the 
recording operation. The wiper 1 1 0 is normally retarded $ 
to a position where the wiper is not contacted with the 
head. When a wiping operation is performed, the wiper 
is advanced to be contacted with the face surface of the 
head 202 shifted together with the carriage 200. 

Next, the wiping operation for cleaning the ink jet 
head unit attached to the recording apparatus will be 
explained. 

When the wiping operation is performed, in syn- 
chronous with the head shifted together with the car- 
riage, as shown in Fig. 5, the wiper 110 as a wiping 
member is advanced to a wiping position where the 
wiper is entered into the recess 6 of the top plate 1. 
When the carriage is further shifted, a face surface por- 
tion of the top plate 1 positioned at one side of the 
recess is wiped. When the carriage is shifted to an 
opposite direction, a face surface of the top plate posi- 
tioned at the other side of the recess is similarly wiped. 

As shown by the arrows in Fig. 5, since the wiping 
directions for two rows of nozzles (ink discharge ports) 
are different from each other, color mixing and con- 
sumption of ink in preliminary ink discharge for eliminat- 
ing the color mixing can be prevented. Further, either of 
two rows of nozzles can be wiped as desired, a service 
life of the face surface can be enhanced. Particularly 
when the recording ink is associated with one of two 
rows of nozzles and treatment liquid which reacts with 
the ink to improve the image quality and water-proof 
ability is associated with the other row of nozzles, since 
the treatment liquid reacts with the ink if they are con- 
tacted with each other, two wiping members may be 
provided so that one of the wiping members wipes one 
of the face surface portions in one direction and the 
other wiping member wipes the other face surface por- 
tion in the opposite direction. 

In the wiping operation, since the face surface por- 
tion is wiped by the wiper 1 1 0 after the wiper 1 1 0 is con- 
tacted with the edge of the recess 6, the ink adhered to 
the wiper 1 10 is removed from the wiper by the edge of 
the recess to be held in the recess 6. Thus, the face sur- 
face can be wiped by the wiper 1 10 always maintained 
in a cleaned condition. 

Further, as shown in Fig. 6, both edges of the 
recess may be chamfered. The chamfered portions act 
as entrance guides for the wiper 110 and serve to pre- 
vent the wiper 110 from being damaged by the edges of 
the recess. In place of the chamber, the edges may be 
rounded. 

In Fig. 6, m tV denotes a defbrmable area (free 
length) of the wiper, V2" denotes a penetrate amount of 
the wiper into the recess, and T denotes a thickness of 
the wiper. The wiping ability for the face surface mainly 
depends upon the above parameters. That is to say, the 
longer the free end and/or the smaller the penetrate 



amount and/or th smaller the thickness, the smaller the 
urging force of the wiper acting against the face surface; 
whereas, the shorter the free end and/or the greater th 
penetrate amount and/or the greater the thickness, the 
greater the urging force of the wiper acting against the 
face surface, tf the urging force is too poor, the ink can- 
not be removed from the face surface completely, and, if 
the urging force is too great, the wiper will be deformed 
excessively not to remove the ink from the face surface 
completely and the face surface will be damaged. 

According to the effected by the inventor, it was 
found that, when the wiper is made of urethane, the free 
end is selected to 4 mm and the thickness is selected to 
0.3 mm, the optimum penetrate amount is in a range 
from 0.4 mm to 1.5 mm. Further, since the penetrate 
amount is determined by a positional relation between 
the head and the wiper, it is desirable that the penetrate 
amount is selected to be greater than 4.0 mm in consid- 
eration of dispersion. In addition, it was found that the 
thickness of the wiper is preferably 15 mm or more and 
the penetrate amount is preferably 2 mm or more. 

Further, in order to not prevent the wiper 110 from 
penetrating into the recess 6 of the top plate 1, as 
shown in Fig. 5, a depth (A) of the recess is preferably 
selected to 0.3 mm or more and a width (B) of the 
recess is preferably selected to 0.5 mm or more. 

A head provided at its face surface with a water- 
repellent area for preventing deviation of an ink dis- 
charging angle due to leakage of ink and a hydrophilic 
area for trapping the ink droplets adhered to the face 
surface is generally known. A preferred embodiment in 
which hydrophilic areas 13 are provided on the face sur- 
face of the top plate 1 is shown in Fig. 7. 

In this embodiment, as is in the embodiment shown 
in Fig 5, the wiping operation of the wiper 1 10 is effected 
from the center of the top plate 1 toward the either of 
two rows of nozzles (ink discharge ports) 5. In this case, 
as shown in Fig. 7, the hydrophilic areas 13 are dis- 
posed outwardly of the respective rows of nozzles 5 
(near ends of the top plate). With this arrangement, 
since each hydrophilic area 13 in which foreign matters 
such as solidified ink are apt to be accumulated is dis- 
posed at a downstream side of the corresponding noz- 
zle row in the wiping direction, there is no danger of 
penetrating the foreign matters into the nozzles by the 
wiper 110. In this embodiment while an example that 
there are provided two hydrophilic areas 13 associated 
with the respective rows of nozzles was explained, only 
a single hydrophilic area 13 may be provided on the face 
surface. 

[Second Embodiment] 

Figs. 8 to 10 correspond to Figs. 1 to 3 and show an 
ink jet recording head 10 according to a second embod- 
iment of the present invention and an ink jet cartridge on 
which the ink jet recording head is mounted. In Figs. 8 
to 10, the main structures of the head and cartridge are 
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substantially th same as those in the first embodiment, 
and the same r similar elements as those in the first 
embodiment are designated by the same reference 
numerals. 

Now, the second embodiment will be explained. Ink s 
passage grooves (defining ink passages), ink chambers 
and ink discharge ports are previously formed in a top 
plate 1. Substrates on which resistive heat generating 
elements are mounted are electrically connected to a 
carriage by wiring substrates 2. The substrates having w 
the heat generating elements are urged against and 
secured to the top plate 1 by elastic members 3. Ink dis- 
charge ports 5 are formed in the top plate 1. In this 
embodiment, since two rows of ink discharge ports 5 
can be formed symmetrically with each other and ink is 
introduction passages are collectively formed at a cer- 
tain position, the top plate can be manufactured and 
assembled more easily than a top plate having three or 
more rows of ink discharge ports. 

Fig. 9 is an exploded perspective view showing a 20 
detailed structure of the ink jet head 10 of Fig. 2 to facil- 
itate the understanding of parts and an assembling 
method therefor. The substrates 4 having the resistive 
heat generating elements are secured to respective 
metallic plates 15 by adhesive and are electrically con- 2s 
nected to the respective wiring substrates 2. The wiring 
substrates 2 are secured to the metallic plates 15 by 
adhesive so that a bending force (generated when the 
wiring substrate is bent) does not act on the corre- 
sponding substrate 4 having the resistive heat generat- 30 
ing elements. 

Fig. 10 is a sectional view of the ink jet head 10 of 
Fig. 8, showing an internal structure thereof and ink 
passages. An ink introduction passage 7 serves to ink 
from an ink container to an ink chamber 8. The ink from 35 
the ink container passages through the ink introduction 
passage 7 and enters into the ink chamber 8 defined by 
the top plate 1 and the substrates 4 having the resistive 
heat generating elements, and then flows (from the ink 
chamber 8) into ink passages 14 within which the 40 
respective resistive heat generating elements are dis- 
posed. Rim-boiling is caused in the ink in the ink pas- 
sage by thermal energy from the resistive heat 
generating element, thereby discharging the ink from 
the discharge port 5. 45 

In order to prevent the ink from leading from the ink 
chamber 8 defined by the top plate 1 and the substrates 
4 having the resistive heat generating elements, inter- 
faces between the top plate and the substrates are 
sealed by sealing agent Further, sealing agent is so 
applied to connection portions between the substrates 4 
having the resistive heat generating elements and the 
wiring substrates 2, thereby preventing the ink from 
adhering to the connection portions. 

The top plate 1 is formed by molding, and the ink ss 
discharge ports 5, ink passages 14, ink chambers and 
ink introduction passages 7 are formed by molding or 
laser-working. The ink discharge ports 5 and the ink 



passages 14 must be formed with high accuracy. When 
angular deviation of the ink discharge ports 5 in each 
row with respect to the ink discharging direction is mini- 
mized, if distances between the ink discharge ports 5 
and the recording material are changed, since the rela- 
tive adhesion points of the ink droplets (onto the record- 
ing material) from each row are unchanged, electrical 
correction can be omitted, and, thus, electrical simplicity 
can be achieved. To this end, surface-finish around the 
ink discharge ports 5 is effected uniformly by enhancing 
the manufacturing accuracy. The molded parts are 
formed from material having good molding ability and 
good resistance to ink. In this respective, polysulfon is 
desirable, but other molding materials may be used. 

The substrates 4 having the resistive heat generat- 
ing elements serves to cause the film-boiling in the ink 
by utilizing thermal energy to effect the recording. The 
plurality of resistive heat generating elements arranged 
in a line and aluminum wirings for supplying electric 
power to the respective resistive heat generating ele- 
ments are formed on the respective substrate made of 
silicon by a film-forming technique. Each substrate 
includes shift registers and driving transistors to reduce 
the number of TAB connecting pads. It is necessary that 
the substrates 4 and the top plate 1 are assembled with 
each other with high accuracy, because the correct ink 
discharge cannot be achieved unless the substrates 4 
are correctly aligned with the ink discharge ports 5. 

Each wiring substrate 2 serves to electrically con- 
nect the corresponding substrate 4 to the printer. One 
end of the wiring substrate 2 is connected to the corre- 
sponding substrate 4 via a TAB and the other end is pro- 
vided with a connection pad portion for receiving an 
electrical signal from the printer. The connection pad 
portion is secured to the top plate 1 with high accuracy 
by adhesive. Hence, since the head can be handled as 
a single unit the assembling can be facilitated, and the 
"recycle" is permitted. The substrates 4 having the 
resistive heat generating elements are secured to the 
top plate 1 by mechanical biasing forces of the elastic 
members 3. 

Fig. 9 is a schematic perspective view showing an 
ink jet recording head unit having the ink jet recording 
head 10 according to the second embodiment. The ink 
jet recording head 10 is directly secured to a front face 
of the ink container (ink tank) 1 1 in a mounting direction 
(to the printer, i.e., the ink jet recording apparatus) so 
that the ink jet recording head can be detachably 
mounted to the ink jet recording apparatus. 

[Third Embodiment] 

Prior to detailed explanation of a third embodiment 
of the present invention, a fundamental structure and 
oonstructural elements of an ink jet recording head to 
which the present invention is applied will be described. 

The third embodiment relates to an ink jet unit in 
which an ink tank and an ink jet recording head can b 
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detachably mounted on a carriage, and four main func- 
tional portions are provided on surfaces of the recording 
head. These functional portions include (a) a portion for 
receiving an electrical signal from the printer (referred to 
as "electrical connection portion" hereinafter), (b) a por- 
tion for receiving ink from the ink tank (referred to as "ink 
supply portion" hereinafter), (c) a portion for discharging 
the ink (referred to as "ink discharge portion- hereinaf- 
ter), and (d) a portion for positioning the ink jet recording 
head with respect to the carriage (referred to as "posi- 
tioning portion" hereinafter). 

It is desirable that the four functional portions are 
constituted in consideration of the following conditions, 
to improve the reliability of the ink jet recording head, 
image quality and replacing ability of the ink jet record- 
ing head and the ink tank. 

If the ink supply portion or the electrical connection 
portion is provided on the same surface on which the ink 
discharge portion is provided, mist of ink discharged 
from the ink discharge portion is scattered onto the 
electrical connection portion to cause "short circuit" due 
to conductivity of the ink mist, or paper powder from the 
recording material (disposed near the electrical connec- 
tion portion) adhered to the electrical connection portion 
causes poor electrical contact. 

When the ink jet recording head or the ink tank is 
mounted and dismounted, a mounting force and a dis- 
mounting force are applied to the carriage and the ink 
jet recording head. If the ink jet recording head is dis- 
placed by such load, the correct position of the ink jet 
recording head cannot be ensured, with the result that 
the correct adhering points of the ink droplets cannot be 
ensured, thereby deteriorating the image quality. 

In the manufacture of the head, the ink jet recording 
heads for effecting the color recording must be assem- 
bled with each other accurately. 

An example of an ink tank and an ink jet recording 
head according to the third embodiment constructed in 
consideration of the above conditions is shown in Fig. 
11. 

In Fig. 11, an ink jet recording head 100 includes 
ink discharge portions 101, a holder 102 and electrical 
connection portions 103. An ink tank 106 is connected 
to an ink supply pipe 105 arranged in the ink discharg- 
ing direction (perpendicular to the electrical connection 
portion) at the holder 102 to which the Inkjet recording 
head 100 is secured, thereby permitting the ink supply. 

Fig. 12 is a view looked at from the ink discharging 
direction of the ink jet unit shown in Fig. 11. The ink dis- 
charge portions 101 and the electrical connection por- 
tions 103 are disposed at positions 101 A, 101B and 
103 A, 103B symmetrically around a rotational center A. 
Positioning portions 104C and 104D are provided at a 
corner of the ink jet recording head 100 and serve to 
position the ink jet recording head 1 00 in X and Y direc- 
tions. The positioning of the ink jet recording head in a Z 
direction is effected by positioning portions 104A (Fig. 
11) and 104B (Fig. 12). A groove 107 is formed between 



the ink discharge portions 1 01 A and 1 01 B and a I ngth 
of the groove is greater than lengths of the ink discharge 
portions. 

In the illustrated embodiment, constructural ele- 
5 ments of the recording head are arranged on the 
recording head to satisfy the following conditions. That 
is to say, the ink discharge portions are not provided on 
the same surfaces on which the ink supply portions and 
the electrical connection portions are provided. In this 
10 way, mist of ink discharged from the ink discharge por- 
tion is prevented from being scattered onto the electrical 
connection portion thereby to prevent "short circuit" due 
to conductivity of the ink mist, and, since the electrical 
connection portions are disposed remote from the 
is recording material, paper powder from the recording 
material (disposed near the electrical connection por- 
tion) is prevented from being adhered to the electrical 
connection portions thereby to prevent the poor electri- 
cal contact. 

20 Particularly, in the illustrated embodiment since the 
electrical connection portions are provided in a plane 
perpendicular to an ink discharging portion of said head 
or inclined with respect to the ink discharging direction 
by ± 5 degrees or less and the ink discharge surfaces 

25 are protruded from the electrical connection surfaces by 
5 mm or more, by utilizing such step (height difference) 
as an electrical connecting portion of the carriage of the 
printer, protection walls for shielding the ink mist and 
paper powder can be obtained. 

30 Further, when two rows of ink discharge portions 
are provided with respect to the main scan direction to 
effect the color recording, by arranging the first row ink 
discharge portion and the associated electrical connec- 
tion surface and the second row ink discharge portion 

35 and the associated electrical connection surface sym- 
metrically at positions rotated by 180 degrees with 
respect to the center between the rows, the "cost-down" 
can be achieved because common parts can be used. 
By providing the groove having the length greater 

40 than those of the ink discharge portions between the 
first and second row ink discharge portions, the color 
mixing can be prevented. 

Since the ink supply portion such as the ink tank is 
connected to the head along the ink discharging direc- 
ts ton, when the ink tank is replaced (dismounted and 
mounted), the load acting on the head is distributed 
symmetrically and uniformly at outside areas of the ink 
discharge port rows, thereby preventing the positional 
deviation of the head which would affect a bad influence 

so upon the color recording. 

As mentioned above, according to the present 
invention, the following advantages can be obtained. 

(1) In the ink jet recording head, the plurality of sub- 
55 st rates having the resistive heat generating ele- 
ments are urged against the top plate having the ink 
passages and the ink chambers by means of the 
elastic members. By manufacturing the top plate 
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accurately and by forming the ink discharge ports 
with high accuracy by a laser beam by utilizing a 
reference surface formed on the top plat as a ref- 
erence, color deviation can be prevented to improve 
recording quality and image quality, the number of 5 
parts can be reduced, an assembling time can be 
shortened, reliability and yield can be improved, 
and size can be reduced to provide a compact 
printer. Further, since the plurality of substrates 
having resistive heat generating elements are used, 10 
high speed recording can be achieved. 

In addition, since the groove (recess) having 
the depth greater than those of the ink discharge 
portions (ink discharge ports and the ink passages) 
is formed between the ink discharge port rows of u 
the top plate, the substrates can be closely con- 
tacted with the top plate effectively by deforming the 
portions of the top plate corresponding to the sub- 
strates. 

(2) Since the ink discharge surfaces are not flush 20 
with the electrical connection surfaces and the ink 
supply surfaces but are protruded by 5 mm or more, 
reliability can be improved, and, by arranging two 

ink discharge port rows symmetrically at positions 
rotated by 180 degrees with respect to the rota- 25 
tionaJ center between the rows, "cost-down" can be 
achieved because common parts can be used. Fur- 
ther, by connecting the ink supply portions to the 
head along the ink discharge direction, when the 
ink tank is mounted on and dismounted from the so 
head, load acting on the head is distributed uni- 
formly outside of the rows of the ink discharge 
ports, thereby preventing positional deviation of the 
head which would affect a bad influence upon the 
color recording. 35 

(3) By providing the recess (into which the wiping 
member can penetrated) in the central portion of 
the top plate having two rows of nozzles, the color 
mixing and poor cleaning can be prevented, and the 
number of wiping operations can be minimized, 40 
thereby preventing the damage of the face surface 
and increasing the service life of the wiping mem- 
ber. 

The present invention provides an ink jet recording 45 
head comprising a top plate in which two groups of ink 
passage grooves for forming ink passages, two ink 
chamber frames, ink introduction passages, two rows of 
ink discharge ports are formed, two substrates on which 
a plurality of resistive heat generating elements for dis- so 
charging ink are formed in correspondence to the two 
rows of ink discharge ports, and two elastic members 
for contacting under pressure and securing the sub- 
strates and the top plate for each said substrate, and 
wherein the junction between the substrates and the top ss 
plate forms the ink passages and the ink chambers ther- 
ebetween, and further wherein a groove for isolating the 
ink discharge port rows from each other is formed 



between the ink discharge port rows and a depth of the 
groove is greater than depths of th ink discharge ports 
and the ink passages. 

Claims 

1. An ink jet recording head comprising: 

a top plate in which two groups of ink passage 
grooves for forming ink passages, two ink 
chamber frames, ink introduction passages, 
two rows of ink discharge ports are formed; 
two substrates on which a plurality of resistive 
heat generating elements for discharging ink 
are formed in correspondence to said two rows 
of ink discharge ports; and 
two elastic members for contacting under pres- 
sure and securing said substrates and said top 
plate for each said substrate, 

wherein the junction between said sub- 
strates and said top plate forms said ink pas- 
sages and said ink chambers therebetween 
and wherein a groove for isolating the ink dis- 
charge port rows from each other is formed 
between said ink discharge port rows and a 
depth of said groove is greater than depths of 
said ink discharge ports and said ink passages. 

2. An ink jet recording head according to claim 1, 
wherein flexible wiring substrates having connec- 
tion pads for electrically connecting said substrates 
to a carriage are connected to said substrates and 
said wiring substrates are secured to said top plate. 

3. An ink jet recording head according to claim 1, 
wherein said top plate is molded from resin. 

4. An ink jet recording head according to claim 1, 
wherein said elastic members are provided with 
metallic plates. 

5. An ink jet recording head according to claim 2. 
wherein said elastic members are provided with 
metallic plates, and said wiring substrates are 
secured to said top plate and said metallic plates. 

6. An ink jet recording head according to any one of 
claims 1 to 5, wherein ink discharging directions of 
said ink discharge port rows are directed to the 
same direction with angular error of ± 2 degrees or 
less. 

7. An ink jet recording head according to any one of 
claims 1 to 5, wherein an electrical connection sur- 
face is provided in a plane perpendicular to an ink 
discharging direction of said head or inclined with 
respect to the ink discharging direction by ± 5 
degrees or less, and an ink discharge surface is 
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protruded toward a recording material with respect 
to said electrical connection surface by 5 mm or 
more. 

8. An ink jet recording head according to claim 7, s 
wherein two rows of said ink discharge surfaces are 
provided with respect to a main scan direction, and, 
the first row ink discharge surface and the associ- 
ated electrical connection surface, and the second 
row ink discharge surface and the associated elec- 10 
trical connection surface are arranged symmetri- 
cally at positions rotated by 180 degrees with 
respect to a center between said rows. 

9. An ink jet recording head according to claim 1, 75 
wherein the depth of said groove is 0.3 mm or more, 
and a width of said groove is 0.5 mm or more. 

10. An ink jet recording head according to claim 1, 
wherein ribs extending in a direction perpendicular 20 
to the ink discharge port rows are provided at both 
ends of said groove. 

11. An ink jet recording head according to claim 1, 
wherein a wedge member is provided substantially 2s 
at a central portion of said groove. 

12. An ink jet recording head according to claim 11, 
wherein said wedge member is made of material 
same as material from which said top plate is 30 
formed. 

13. An ink jet recording apparatus comprising: 

an ink jet recording head according to any one 35 
of claims 1 to 12; and 

a wiping member for cleaning a discharge port 
surface of said top plate of said recording head 
in which said ink discharge ports are formed. 

40 

14. An ink jet recording apparatus according to claim 

13, wherein said wiping member is penetrated into 
said groove when said discharge port surface is 
cleaned by said wiping member. 

45 

15. An ink jet recording apparatus according to claim 

14, wherein a shifting direction of said wiping mem- 
ber for cleaning one of said ink discharge port rows 
differs from a shifting direction of said wiping mem- 
ber for cleaning the other ink discharge port row. so 
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